Photo-Fenton Phenolic compounds Doehlert matrixes Toxicity Excitation emission matrix fluorimetry photo-Fenton can be extended to pH values clearly above 2.8, probably due to complexation of iron with the phenolic substances. Experiments performed under solar irradiation at pH = 3.9 showed that complete removal of the monitored pollutants was achieved in less than 3 min; mineralisation was also efficient, although some organics remained in the solution. Toxicity was monitored according to Pseudokirchneriella subcapitata and Daphnia magna bioassays; Recombinant Yeast Assay (RYA) was employed to assess estrogenic and dioxin-like activities. 2,4-Dinitrophenol was demonstrated to be the major concern and, in general, photo-Fenton resulted in a detoxification of the solution. Finally, excitation emission matrix (EEM) fluorimetry was employed to obtain complementary information on the behaviour of organic matter. Most peaks associated with the parent pollutants disappeared after short irradiation periods and, at 12 min of irradiation chromophores were destroyed, what can be associated with the removal of complex molecules.
Advanced oxidation processes (AOPs) have been demonstrated as promising alternatives to deal with phenolic compounds; these technologies involve the in situ generation of highly reactive species via chemical, thermal or photochemical pathways [3] . Several studies have been published showing the ability of AOPs to remove those compounds from synthetic model solutions [4, 5] , but also from real effluents [6] [7] [8] [9] [10] . Interestingly, AOPs exhibit some selectivity for phenolic compounds vs. other more degradable organics, as observed in paper mill effluents [11, 12] ; this is an important advantage, as combination of AOP as a pre-treatment to remove the non-biocompatible fraction with biological processes is a meaningful strategy for food industry effluents [13, 14] .
The use of sunlight in photochemical AOPs represent an enhanced sustainability for those treatments. Photo-Fenton, one of the processes that can be driven under solar irradiation, is based on the ability of iron salts to catalyse decomposition of hydrogen peroxide to generate reactive species, such as hydroxyl radical [15] ; this process is pH-dependent being the optimum value ca. 2.8. Results have been published dealing with the use of photoFenton in the treatment of phenolic compounds or real food processing industry effluents [14, 16] . Briefly, the mechanism of oxidation of this family of compounds by hydroxyl radicals involves further hydroxylation of the aromatic ring, formation of quinones and, finally, cleavage of the aromatic ring to form carboxylic compounds, as described for nitrophenols [9] . However, some important issues still deserve further research. For instance, being elimination of the toxicity mainly associated to phenols one of the goals of the photo-oxidative treatment, it is interesting to assess detoxification according to different methods, as these results vary depending on the species that is employed [17] . Furthermore, monitoring the endocrine disrupting behaviour of those substances throughout the process seems a meaningful step forward, as this effect is not detected by classical toxicity bioassays [18] .
Another issue that deserves further research is the role of pH in complex effluents. It is well known that substances able to modify the coordination sphere of iron may change the optimum pH for photo-Fenton [19, 20] . In fact, it has been recently reported that the photo-Fenton treatment of olive oil mill wastewater can be applied at pH = 5 with only a slight change in efficiency when compared with 2.8 [6] . This result is interesting, as the costs associated to pH modification might be reduced. Also regarding with the behaviour of complex systems, applying new techniques to gain further insight into changes in their composition seems meaningful. In this context, excitation emission matrix (EEM) fluorimetry might be a useful tool. It has been commonly used in the characterisation dissolved organic matter [21, 22] , although the use of EEM has been recently extended to other fields [23] . Hence, it is interesting to check if EEM can provide useful information on the behaviour of phenolic compounds submitted to AOPs, as a previous step before developing tools for a mathematical modelling of the process.
In order to investigate the issues above described, a mixture of eight phenolic substances commonly found in food processing effluents has been submitted to a photo-Fenton process under simulated and real sunlight. This approach has already been used for other type of chemicals (e.g. pesticides or pharmaceuticals) and it has been demonstrated to provide useful information as the system is not so complex as real effluents (its composition is well determined and constant) but, it is not as simple as a single model compound and hence, more representative of the phenolic fraction [24, 25] . The mixture consisted of tannic acid as example of tannins, ellagic acid as an example of a polyphenol, 2,4-dinitrophenol, and five phenolic acids with different substitution, namely gallic, protocatechuic, vanillic, syringic and sinapic acids (see Fig. 1 for structures). An experimental design methodology based on Doehlert matrixes has been employed to determine the effect of pH, H2O2 amount and iron concentration; the Doehlert design has been commonly employed as a chemometric tool, enabling to minimise the number of experiments required to obtain the equations that predicts the behaviour of the system in the studied region [26] . In addition to pollutants concentration, EEM have been used to provide complementary information on the process. Finally, two types of bioassays have been applied to assess the environmental risks associated with the pollutants and the treated mixture: (1) toxicity assays with the algae Pseudokirchneriella subcapitata and the crustacean Daphnia magna, according to their respective guidelines and (2) Recombinant Yeast Assay (RYA) to assess estrogenic and dioxin-like activities. RYA uses two genetically modified yeasts: ER-RYA system that contains the human estrogenic hormone receptor, and AhR-RYA system that expresses human aryl hydrocarbon receptor. Both strains contain a reporter plasmid expressing the Escherichia coli enzyme b-galactosidase. This enzyme will only be expressed in the presence of the receptor-ligand complex. The expression of gen is easy to follow using convenient enzyme substrates [27] .
Experimental

Reagents
Tannic acid, ellagic acid, 2,4-dinitrophenol, gallic acid, protocatechuic acid, vanillic acid, syringic acid and sinapic acid were purchased from Sigma-Aldrich and used as received. Hydrogen peroxide (30% v/v) and ferrous sulphate were supplied by Panreac. Water employed in the experiments was Milli-Q grade.
The alga P. subcapitata and dormant eggs of crustacean D. magna were supplied by ECOtest S.L. (Valencia, Spain). The recombinant strains of Saccharomyces cerevisiae (BY4741 strain (ER strain) and YCM4 strain (AhR strain)) capable to detect estrogenic and aryl hydrocarbon receptor (AhR) agonist activities, respectively, were kindly provided by Dr. Benjamin Piña from Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, Spain. All medium constituents were supplied by Difco (Basel, Switzerland). Prototrophic markers, standards (17-b-estradiol (E2) and b-naphthoflavone (b-NF)) and enzymatic substrate (4-methylumbelliferone b-D-galactopyranoside and bmercaptoethanol) were supplemented by Sigma-Aldrich. Assay buffer (Triton X-100) and Y-PER (Yeast Protein Extraction Reagent) were supplied by Fisher Chemical and Thermo Scientific, respectively.
Reactions
Laboratory scale experiments were carried out in cylindrical Pyrex vessels (55 mm internal diameter). A solar simulator (Sun 2000, ABET Technologies) equipped with a 550 W Xenon Short Arc Lamp was used as irradiation source; a glass filter was used to cut off the small fraction of radiation with k < 300 nm. For each experiment, the reactor was loaded with 250 mL of solution containing the mixture of all eight pollutants (1 mg/L of each). Iron (II) was added as sulphate salt, with an initial concentration in the range 1-5 mg/L. The pH was adjusted by dropwise addition of diluted sulphuric acid or, eventually, sodium hydroxide. Then, hydrogen peroxide was added with an initial amount that ranged from 13.8 mg/L until 96.7 mg/L (corresponding, respectively, to 1/4 and 7/4 of the stoichiometric amount of H2O2 required to oxidise completely all the pollutants). Samples were periodically taken to be analysed.
Eventually, reactions were scaled up in a solar photoreactor Solardetox Acadus-2001 (Ecosystem), based on compound para- bolic collector technology, which has been described elsewhere [28] . The total surface of the photoreactor was 0.26 m 2 , with an irradiated volume of 1.83 L. The surface was tilted 30º with the horizon. The reactor was equipped with a radiometer (Acadus 85) to measure UV-A radiation. The plant was loaded with 5 L of an aqueous solution containing the pollutants; the pH was adjusted to 3.9 with sulphuric acid, the concentration of Fe 2+ was 3 mg/L and H2O2 was periodically added throughout the process. In order to normalise changing solar conditions, t30W was calculated according to Eq. (1), where UVac is the accumulated UVA irradiation, Vi and VT are respectively the irradiated and total volume and I the average light intensity (typically 30 W/m 2 is Southern Spain). This parameter has been commonly employed in photochemical processes under sunlight [29] .
UVac · V i 2% CO2 and stirred at 120 rpm. The algal growth was measured by in vivo chlorophyll fluorescence every 24 h, (until 72 h) using a microplate reader (Tecan Infinite M200).
The toxicity assays were based on the inhibition of the mobility of D. magna, according to the standard ISO 6341:2012 procedure. The bioassay uses 24-h old organisms hatched from the dormant eggs, which can be activated in specific environmental conditions; the eggs developed in about 3 days of time into neonates, which were used immediately for toxicity tests. Five neonates were placed in 15 mL containers with 10 mL of test dilution and corresponding controls. The assays were conducted in the dark at a constant temperature of 21 ºC.
Recombinant Yeast Assay (RYA) was performed as described by García Reyero et al. [30] . Yeast cells were grown overnight in a minimal synthetic medium supplemented appropriately for each
strain. Assays were conducted in a polypropylene microplate (NUNC TM , Roskilde, Denmark). First column was filled with the yeast culture and the preconcentrated sample [31] achieving
Chemical analysis
The concentration of each pollutant was determined by UHPLC (Perkin Elmer model Flexiar UPLC FX-10). A Bronwnlee Analytical column (DB-C18) was employed as stationary phase. The eluent consisted in a linear gradient of acetonitrile (A) and an aqueous solution of formic acid (0.1% w/w) (B); the composition of the eluent changed from 5% of A to 50% of A in 8.5 min and the flow rate was 0.3 mL min -1 . Detection wavelength was 230 nm. Identification and quantitation of the pollutants were performed by comparison with standards. Samples were filtered through polypropylene filters (VWR, 0.45 lm) before analysis.
Dissolved organic carbon (DOC) was measured with a Shimadzu TOC-V CSH apparatus. The fluorescence EEM of the samples were recorded using a modular fluorimeter QuantaMaster (PTY) by a subsequent scanning emission from 300 to 600 nm at 5 nm increments by varying the excitation wavelength from 250 to 550 nm at 5 nm increments.
Bioassays
Toxicity tests with P. subcapitata were performed in 96-well flat bottom transparent (Costar, Corning Inc., New York, USA) according to ISO 8692:2012. The microplate was filled by automatic injector with the test dilutions and controls and inoculated with the 10 4 cells/mL from an exponential growth culture. The final assay volume was 300 lL per well. Microplates were incubated at 23 ºC under continuous illumination (6000-10,000 lux), saturated with 1:20 v/v dilution, and then diluted in a 1:2 series across the assay plate until column 9. A negative, positive and toxicity controls were also assayed. After plates incubation (6 h at 30 ºC at 120 rpm in orbital shaker), Y-PER was added to each well (30 ºC, 30 min). Then, enzymatic substrate was added to the lysed cells. After brief centrifugation, b-galactosidase activity was read by fluorescence versus time using a spectrofluorometer (TECAN Infinite M2000). A relative activity of b-galactosidase was calculated from recorded activity of positive and negative control. RYA does not provide a direct measurement of the molar concentration or mass of potentially toxic compounds but of their activities. Results were calculated as E2 equivalents (EEQ) (estrogenic activity) or b-NF (BNFEQ) (dioxin-like activity), defined as the concentration (ng/L) of standard that should be present to account for the observed response in a given sample following the method proposed by Noguerol et al. [27] .
Statistical analysis
An experimental design methodology based on a Doehlert array was employed to evaluate the effect of three variables, namely pH, hydrogen peroxide and iron concentration. For this purpose, a total of 15 experiments (k 2 + k + 1, where k is the number of analysed variables, plus two replicates of the central point) were performed ( Table 1 ). The software Statgraphics Centurion XVI was used for response surface model fitting by means of the least squares method. The illumination time required to degrade each pollutant in a 75% (t75%) was used as response. acid > vanillic acid > 2,4-dinitrophenol. This order is ruled by the substitution of the aromatic ring, as the reaction of hydroxyl radical to aromatic rings involves an electrophilic attack of . OH to the ring as described for nitrophenol [9] . Hence, compounds having three activating electron-donating groups attached to the aromatic ring (hydroxy or methoxy) react faster than those having only two groups; dinitrophenol is the most reluctant, as its aromatic ring bears two strongly deactivating electron-withdrawing nitro groups. These trends have already been observed in the oxidation of families of phenolic compounds according to different AOPs [4, 32] .
The time required to reduce in a 75% the initial concentration of 2,4-dinitrophenol (t75%) was employed as response for the statistical calculation; this compound was chosen as it is the most reluctant to photo-Fenton among the ones analysed, as removal of other pollutants was too fast to obtain reliable data (t75% < 1 min for most experiments). Furthermore, 4-dinitrophenol shows the highest toxicity (see Section 3.3). Based on t75%, a three-dimensional full quadratic response surface model was obtained (Eq. (2)), where
In bioassays, toxicity data were used to calculate the MID value (sample dilution required to produce a 50% response) by Probit analysis, using the Statistical Analysis System SPSS (v. 
Results and discussion
Laboratory scale experiments
A set of laboratory scale experiments (Table 1) was carried out to determine the effect of pH, amount of H2O2 and iron concentration on the photo-Fenton treatment of solutions containing a mixture of all 8 pollutants. Although all the studied pollutants were present in the irradiated sample, with an initial concentration of 1 mg/L each, only six of them could be analysed by HPLC, as tannic and ellagic acids could not be detected, most probably due to their high molecular weight. An example of the plots of the relative concentration of each pollutant vs. time can be observed in Fig. 2 . A very fast removal of the pollutants was reached in all the experiments; however, some differences in reactivity could be found among the analysed compounds, which followed the general trend: gallic acid > sinapic acid » syringic acid = protocatechuic
The value of the determination coefficient (R 2 ) was 0.97, indicating good correspondences between experimental and calculated data. In each case, the values of the residuals as a function of measured values were randomly distributed. Pareto charts (Fig. S1) show that all factors were significant except for [Fe(II)] 2 . In order to appreciate better the effect of the studied operational variables, bi-dimensional curves were obtained by fixing each parameter at its higher, central and lower values. Data fixing pH at 2.8, 3.9 and 5 can be found in Fig. 3 . The plot obtained at pH = 3.9 shows that reaction rate increased with the amount of H2O2 and that a slight acceleration of the process occurred at higher iron concentrations. It is interesting to indicate that beyond 40-60 mg/L of H2O2, the reaction was so fast that extra addition of this reagent did not result in a positive effect. At pH = 2.8, the reaction was slightly faster than at pH = 3.9 at low concentrations of peroxide, while there was some loss of efficiency at higher concentrations of this reagent. This might be due to the fast generation of reactive species (e.g. hydroxyl radical) that resulted in their recom- bination, hence decreasing the probability of reaction with the pollutants [33] . At pH = 5, photo-Fenton was less efficient, but best results were reached at the highest [H2O2].
Regarding to iron concentration (Fig. 4) , t75% was below 5 min in the domain where [H2O2] > 40 mg/L for all iron concentrations, although the effect of pH was different in all three cases. For [Fe] = 1 mg/L, reaction rate decreased with increasing pH, at [Fe] = 3 mg/L the increase of t75% was only observed at pH > 4, and for [Fe] = 5 mg/L, pH was not very relevant in the studied domain. These results might be ruled by the iron availability as at high iron concentration, the process is efficient enough even at pH close to 5, while at low concentration, conditions closer to the optimum (2.8) are required.
When the amount of H2O2 (Fig. 5 ) was fixed at their central value (55.3 mg/L), the reaction was very fast at low pH values (t75% below 5 min until pH of ca. 4) and at high concentration of iron the decrease in the reaction rate was negligible until pH = 5. At the lowest [H2O2], the reaction was slower (t75% > 5 min), most probably due to the lower availability of the oxidising agent, and best results were achieved at low pH and high iron concentration. On the other hand, at the highest [H2O2] trends were opposite: photo-Fenton was efficient even at high pH values (4.5 and even above when iron concentration was high) while at low pH and high [Fe 2+ ] there was a loss of efficiency which can be attributed to the recombination of . OH or to reaction of . OH with hydrogen peroxide, due to the excess of oxidising agent. ] = 3 mg/L, which is the central point of the experimental design, could be considered within the most convenient region to carry out this process. The good performance of photo-Fenton at pH 3.9 can be attributed to the complexation of iron with the phenolic species as it has been reported that the optimum pH for the photo-Fenton process can be shifted towards higher value, due to changes in the complexation sphere of iron [20] . In this case, phenolic acids can form complexes with iron, thus explaining this apparently anomalous result.
In fact, it has been recently published that cinnamic acids can be efficiently degraded at pH ca. 5 by Fenton process in a sucrose solution because of the ability of those compounds to form complexes with iron [34] .
Mineralisation after 120 min of irradiation was in most cases in the range 50-65%, including the central point, whose mineralisation was ca. 60% (data not shown). Values below 50% were only obtained for a few experiments with low H2O2 and iron concentration and high pH values. This indicates that although photo-Fenton is able to remove efficiently the monitored phenolic compounds, important amounts of organics remain in the reaction medium, either as by products from the degradation of these compounds or from the non-monitored polyphenols, (ellagic or tannic acid). Hence, further assays are required to assess the actual performance of the process.
Pilot plant experiments
Experiments were performed under real solar irradiation in a pilot plant for wastewater detoxification; the pH was 3.9, the amount of iron 3 mg/L and H2O2 was monitored throughout the process and added when required. Fig. 6 shows the removal of each pollutant, the remaining DOC, the amount of iron in the solution and hydrogen peroxide consumption. A fast removal of the pollutants was achieved, as even 2,4-dinitrophenol, the most refractory compound, was not detected after 2.2 min of normalised irradiation time. Although mineralisation also occurred (ca. 50% DOC removal after 4 min of irradiation), when the primary pollutants we removed nearly 70% of the initial DOC remained in the solution. Although there was some iron precipitation throughout the process, most probably forming photochemically inactive oxides or hydroxides [15] , [Fe] was still ca. 2 mg/L at t30W = 65 min (see Fig. 6 ). Finally, hydrogen peroxide consumption was high in the first part of the process (50 mg/L in the first 15 min) and then, consumption rate decreased. The ratio between H2O2 consumed and DOC decrease was calculated as an alternative indicator of the efficiency of the process, as shows the amount of oxidising agent required to decrease 1 mg of DOC (the higher the ratio, the lower the efficiency). At the beginning, the efficiency was high (less than 15 mg of H2O2 were required per mg of DOC for t30W below 10 min), but values above 200 mg of H2O2 per mg of DOC were reached at t30W = 50 min.
As an important amount of DOC remained in the solution, it is necessary to perform new experiments in order to gain further insight into the nature and biocompatibility of the remaining organics. GC analyses were carried out to identify some major compounds present in the sample, but it was impossible to obtain reliable identification of the photoproducts as there were many peaks with very low intensity. This was due to the complexity of the initial sample, consisting in a mixture of 8 compounds, two of them polyphenols. Hence, it is necessary either to employ very sophisticated analytical tools or to explore a new methodology to deal with such complex mixtures, combining a battery of bioassays to check the biocompatibility of the treated mixture, with the use of EEM fluorimetry to gain further insight into the composition of the remaining organics. Sections 3.3 and 3.4 are devoted to this purpose.
Bioassays
As complete mineralisation of the mixture was not achieved, but very short irradiation periods were required to remove the primary phenolic pollutants, it was interesting to monitor changes in the toxicity of the mixture to rule out the formation of toxic byproducts. A preliminary battery of bioassays was performed with the pure pollutants in order to stablish their toxicity towards P. subcapitata, D. magna as well as their estrogenic and dioxin-like activities. The highest toxicity was recorded for 2,4-dinitrophenol (EC50 of 0.7 and 12.4 mg/L for P. subcapitata and D. magna, respectively), followed by protocatechuic acid and both polyphenolic substances, tannic and ellagic acids, whose EC50 for P. subcapitata was in the range 10-20 mg/L and ca. 50 mg/L for D. magna; the toxicity of other phenolic acids was significantly lower. Regarding to endocrine disruption capacity, the highest effect was found for 2,4 dinitrophenol (3.2 ng/L E2 equivalents). Protocatechuic, tannic and vanillic acids also showed some estrogenic effect (slightly above 1 ng/L E2 equivalents) and it was lower for the other compounds (below 1 ng/L). Highest value for dioxin-like activity was also obtained for 2,4-dinitrophenol, thus showing that this is, according to all methods, the most hazardous chemical among those present in the mixture.
Toxicity was monitored along the photo-Fenton process according to the methods described above. In order to obtain samples free of H2O2 a controlled amount of this reagent was added and the solution was irradiated in the solar plant until complete exhaustion of H2O2. As accurate irradiation period could not be obtained because of the lack of H2O2, DOC of the sample was compared with the DOC vs t30W profile obtained in Section 3.2 ( Fig. 6 ) to estimate the equivalent t30W. Table 2 shows that high toxicity was obtained for the untreated sample according to D. magna and P. subcapitata assays (65% and 71% respectively). There was a very fast detoxification at the early stages of the process, in coincidence with the removal of the primary pollutants; beyond this point, there was some oscillation in toxicity, although it remained low. This remnant toxicity could be due to the release of bio-active byproducts from the degradation of ellagic acid and tannic acid. A similar behaviour was observed for the estrogenic activity; the nontreated mixture was too toxic to measure this parameter. The first treated sample showed an estrogenic activity equivalent to 7 ng/L of E2 and the sample 2 (t30W = 6 min) of 1.2 ng/L. Values below 2 ng/L were systematically reached after t30W = 15 min. These levels may potentially cause endocrine disruption in different aquatic species. Adverse effects were observed in vivo exposure experiments in both flow-through and static systems. Jobling et al. [35] reported effects on vitellogenin production and testicular growth in sexually maturing male rainbow trout exposed during 3 weeks to a concentration of 2 ng/L E2.
In contrast, the dioxin-like behaviour could not be supressed: although there was an initial decrease, it increased again at the end of the process. This could also be attributed to the release of intermediates from the polyphenols present in the mixture. The effect of dioxin-like compounds on the vertebrate include neurologic, immunologic, and reproductive parameters [36] . Hence, this is a concern that must be further studied in future work.
Fluorescence measurements
As indicated above, application of mass spectroscopy to gain further insight into the composition of the photo treated mixture would require sophisticated equipment and time-consuming preparation of the samples to obtain reliable results. For this reason, it is meaningful to explore EEM as a good alternative to monitor major changes in the composition of organic fraction.
2,4-dinitrophenol
Gallic acid
Ellagic acid
Sinapic acid Syringic acid Protochatechuic acid
Tannic acid Vanillic acid EEM were obtained for all eight compounds (Fig. 7) . In general, phenolic acids show excitation in the range 250-280 nm and emission at 300-370 nm, reaching in some cases 400 nm (syringic Table 2 Biological risks associated to the mixture of phenolic compounds along a photoFenton process in pilot plant at a pH of 3.9: toxicity, estrogenic activity and dioxinlike behaviour. acid); the response of 2,4-dinitrophenol can also be found within this region; sinapic acid, most probably due to the presence of exocyclic double bond, shows an excitation band between 270 and 310 nm and emits at 400-450 nm; for tannic acid, excitation is in 250-290 nm and emission in 310-340. Finally, ellagic acid excitation band is below 280 nm and has two emissions, below 290 and between 390 and 430 nm.
EEM were recorded throughout the photo-Fenton process at different sampling times (Fig. 8) . The non-treated sample showed a saturated signal in the region kexc < 300 nm and kem < 430 nm, which is the result of the addition of the contribution of each single component. The treatment resulted in a fast decrease of the signal, already observed at the sample taken at 0.4 min, which is an indicator of the efficiency of the photo-Fenton under the studied conditions. Differences in reactivity reported in Section 3.1 can also be appreciated in EEM. For instance, peaks attributable to sinapic acid had completely disappeared at t = 1.1 min, while that of syryngic still remained after t = 3.2 min. Regarding to polyphenols, there was a certain increase of emission in the area attributable to ellagic acid, which could be due to the release of moieties bearing similar chromophores as a consequence of the oxidation of tannic acid. In any case, for irradiation times longer than 12 min, all the chromophores have nearly disappeared, thus showing the destruction of complex moieties in the mixture (e.g. aromaticity).
Conclusions
Photo-Fenton process has been demonstrated to be efficient to remove phenolic compounds under simulated and real sunlight. The treatment can be carried out at milder pH values (e.g. 4), most probably due to the complexation of iron with the phenolic groups. As phenols are commonly present in wastewaters, assessing the effect of pH seems interesting as in some cases might vary from 2.8, thus decreasing the costs associated with pH modification.
Application of different assays to monitor changes in the biocompatibility seems advisable, as conclusions might not be always significant when based on a single assay. Hence, it seems interesting to keep on studying the applicability of novel methodology, as done in this work with the RYA assay.
Finally, EEM fluorimetry seems a simple and interesting tool to gain further insight into the behaviour of organic matter in the process. Application of mathematic methods for deconvolution of the obtained matrixes is expected to provide more detailed information on the sample composition and seems a logical step forward for this research.
